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ABSTRACT 
Although npnspecific, pulmonary gallium67 (Ga67 ) imaging is 
a useful diagnostic study in many diseases. Positive (increased 
uptake) Ga67 imaging has been reported in radiographic silicosis 
and asbestosis. The purpose of this pilot study was to assess the 
use of Ga 67 imaging as an indicator of lung reaction to retained 
coal dust in underground coal miners with and without radiographic 
coal workers' pneumoconiosis (CWP). Twenty-two coal miners with 
a minimum of 20 years of underground coal mining without other 
significant dust exposure or known pulmonary disease were studied. 
Eleven miners had radiographic C~~ and eleven had normal chest 
radiographs. The eleven miners with CWP by chest x-ray (CXR) were 
found to have an increased diffuse uptake (positive) image over 
their lung fields. In five of eleven positive scans, increased 
activity was present in areas where no disease was noted on CXR. 
The eleven miners without CWP on CXR had normal scans. In con-
clusion, radiographic CWP is associated with increased Ga67 uptake 
(positive image). There is also a suggestion that the scan is more 
sensitive than the corresponding chest radiograph in affected 
miners. In addition, coal miners without CXR evidence of CWP have 
67 
normal Ga uptake. 
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INTRODUCTION 
Coal workers' pneumoconiosis (CWP) represents only one entity 
in the spectrum of diseases that are classified as coal workers' 
respiratory disease. The spectrum also includes industrial 
bronchitis, asthma, and emphysema. Since bronchitis, emphysema, 
and asthma exist in the general population without coal dust expo-
sure, it is often impossible to determine the degree of respiratory 
disease related to a reaction to coal dust as opposed to these 
other etiologies. Therefore, a pilot study was conducted to 
determine if radionuclear imaging (gallium67 citrate) would be a 
useful adjunct in the diagnosis of coal workers' pneumoconiosis. 
BACKGROUND 
Although coal mining, as a distinct trade, was recognized 
as early as 852 A.D., no mention of an associated respiratory 
disease(s) occurred until Laennec's article (1) in the early 1800's. 
By the late 1900's, other investigators (2,3,4,5) proceeded to 
outline the spectrum of respiratory disease associated with mining; 
however, less emphasis was placed on coal because two prominent 
contemporary scientists, Haldane and Gardner (6), felt that coal 
dust was innocuous. With the advent of improved diagnostic tech-
niques (chest radiography) and an increasing demand for coal, the 
British began to recognize an epidemic of respiratory disease in 
coal miners. This prompted the formation of the National Coal 
Board to study the problem. In the United States, however, most 
scientists continued to believe silica and tuberculosis were the 
cause of the majority of respiratory ailments associated with coal 
mining. The ·issue was not resolved until Collins and Gilchrist (7), 
as well as Gough (8), demonstrated that coal dust led to a distinct 
pathological lesion (the coal macule) which resulted in a radio-
graphic picture similar to silicosis. Subsequently, the Americans, 
as well as the British, have embarked on large-scale longitudinal 
studies of coal miners to determine the health effects of exposure 
to coal dust. The original surveillance programs consisted of a 
respiratory questionnaire and chest radiograph. Because there is 
a poor correlation between the chest radiographic findings and 
3 
functional capacity in simple coal workers' pneumoconiosis, pulmo-
nary function tests (spirometry and arterial blood gases) were added 
to help assess the degree of functional impairment. As the epide-
miological data began to accumulate, it became apparent that the 
majority of respiratory impairment in coal miners was related to 
cigarette smoking (9). In addition, coal workers' pneumoconiosis 
could be minimized or possibly eliminated with proper engineering 
control(s) for the elimination of respirable dust. Therefore, 
medical science began a search for more sensitive diagnostic methods 
in detecting pneumoconiosis. 
Gallium67 citrate had been found to be useful in identifying 
metabolically active processes. It was known to accumulate in a 
variety of cells (i.e., polymorphonuclear leukocytes, macrophages, 
and lymphocytes), but its location and mechanism of cellular uptake 
was poorly understood. It is currently believed that the uptake is 
related to the metabolic activity of the cell or, more specifically, 
lysosomal enzyme activity within the cell (10). Although nonspecific, 
it has been found to be more sensitive than the routine chest film 
in detecting and quantifying pulmonary pathology (11). Therefore, 
it has been used as an adjunct to the diagnosis in several pulmonary 
disorders (see Table 1). Malignancies such as lymphomas, carcinomas 
(12), and mesotheliomas (13) have been shown to concentrate gallium67 
citrate. It has been used to assess infections such as Pneumocystis 
carinii, tuberculosis, and pulmonary abscesses (14). Active inter-
stitial fibrosis (11) caused by drugs, radiation or unknown factors 
have also resulted in an increased gallium uptake as does active 
sarcoidosis. 
TABLE 1 
GALLIUM67 CITRATE IMAGING IN PULMONARY DISORDERS 
1. Malignancy 
2. Infect ions 
3. Interstitial fibrosis 
4. Pneumoconiosis 
50 Miscellaneous 
In 1974, Siemsen et al. (15) described the increased uptake 
of gallium67 citrate in patients with pneumoconiotic lung disease 
secondary to silica or asbestos exposure. They compared their 
pneumoconiotic subjects to individuals with occupational exposures 
but without clinical evidence of disease as well as to normal in~ 
dividualso They found that those with radiographic evidence of 
4 
pneumoconiosis had an increased uptake while those with occupational 
exposure but without radiographic changes had normal uptake. In 
1978, Siemsen et ale (15) reported a larger series of 110 subjects 
with radiographic silicosis or asbestosis. Again, they showed 100 
percent prevalence of an increased gallium uptake in patients with 
pneumoconiosis while normals did not have an increased uptake. In 
light of these findings, they suggested that pulmonary gallium scan-
ning may be useful in screening subjects with occupational exposure 
to noxious dusts as well as assessing the activity and the progression 
of the disease. In view of Siemsen's findings, we undertook a pilot 
d d o Of 11" 67 . k ° h 1 stu y to etermlne 1 ga lum cltrate upta e ln t e ungs was 
more sensitive than the routine chest radiograph in assessing coal 
dust related lung disease. 
METHODS 
The study population of twenty-two miners was identified from 
a previously studied cohort of older Utah coal miners (16). Chest 
radiographic interpretations were used to divide the population 
into two groups (pneumoconiotic versus control). The pneumoconiotic 
group consisted of eleven miners who were judged to have coal workers' 
pneumoconiosis (ILO/UC category 1 or greater) by three National 
Institute for Occupational Safety and Health (NIOSH) certified B 
readers (17). The control group consisted of eleven miners who had 
normal chest radiographs. In addition, the following variables 
obtained from the previous study's respiratory and occupational 
questionnaires were used in the selection process: (a) lack of 
known nondust-related cardiorespiratory disease (i.e., tuberculosis, 
bronchiectasis, etc.), (b) a minimum of 20 years of underground 
coal mining, and (c) minimal or no other noncoal mine related dust 
exposure. 
After obtaining written informed consent, each miner received 
f . 11 . . f 11 . 67 . h h' . our ml lcurles 0 ga lum cltrate t roug an lntravenous In-
jection in the forearm. Approximately 72 hours later, anterior and 
posterior images of the abdomen and chest were obtained using a 
Picker 415 large field scintillation camera. The scans were inter-
preted by the Nuclear Medicine Division of the University of Utah 
without prior knowledge of the chest radiographic interpretations. 
The interpretations were recorded on the ILO/UC zone grid system 
using an interpretative scale previously proposed by Siemsen (15) 
(see Table 2). Grade I uptake is considered normal while Grades 
II, III, and IV are different degrees of uptake and therefore are 
considered positive. Figure 1 depicts a normal scan while Figure 




SCAN INTERPRETATIVE SCALE 
Grade 
I Lung concentration < body background concentration 
II Lung concentration> body background concentration 
but < hepatic concentration 
III Lung concentration hepatic concentration 
IV Lung concentration> hepatic concentration 
8 
Figure 1. Normal image (L means left, R means right). 
L Posterior View R 
10 
Figure 2. Positive image (Grade III) (L means left, R means right). 
L Posterior View R 
RESULTS 
The pneumoconiotic and control groups of this population were 
similar in terms of spirometric data, prevalence of bronchitis, and 
overall dust exposure. There is no statistical difference between 
the two groups either in age, smoking history, or years of coal 
mining as depicted on Table 3. The entire control group was found 
to have Grade I (normal) concentration over the pulmonary parenchymal 
regions. All eleven of the radiographically proven pneumoconiotics 
had Grade II or III changes over their pulmonary parenchymal regions 
by gallium scan. Those miners with radiographic evidence of ILO/UC 
category 2 profusion showed an increased pulmonary concentration of 
gal1ium67 citrate as compared to those whose films were considered 
ILO/UC category 1. In addition, five of the eleven positive scans 
revealed abnormalities in regions of the lung which appeared to be 
uninvolved on the corresponding chest radiographs. 
ILO Classification 
Simple CWP 
(n = 11) 
Normal 









DEMOGRAPHIC SELECTION FACTORS 


























This study. illustrates that simple coal workers' pneumo-
coniosis results in a positive diffuse pulmonary gallium image. 
In addition, occupationally exposed coal workers without radio-
graphic evidence of pneumoconiosis had normal uptake of gallium67 
citrate over their pulmonary parenchymal regions. Therefore, 
these results parallel those previously reported in other types 
of pneumoconiosis (silicosis and asbestosis). 
The pulmonary gallium image appears to be more sensitive in 
assessing the extent of abnormalities than the routine chest radio-
graph. The increased sensitivity is most likely a reflection of 
the different methodology and degree of resolution encountered 
between the radionuc1ear technique as opposed to the routine chest 
radiograph. However, it must be noted that the routine chest 
radiograph and history are more specific than the scan in the 
diagnosis of coal workers' pneumoconiosis. In addition, as the 
ILO/UC profusion classification increases, there is an increase in 
the degree of gallium uptake which implies there is a greater degree 
of cellular metabolic activity; however, as no tissue was obtained, 
the actual degree of correlation cannot be determined. 
I 1 " h 11' 67, '" n conc US1on, 1t appears t at ga 1um c1trate 1mag1ng 1S a 
useful adjunct in assessing if a reaction to coal dust is attributing 
to the miner's respiratory ailment. Although further research is 
needed to correlate the increased gallium uptake to histological 
15 
findings as well as radiographic findings, the scan may be useful 
in clinically assessing patients with an occupational exposure to 
coal dust but an indeterminate chest radiograph. In this particular 
circumstance, a negative gallium scan suggests that no active cellu-
lar process rel~ted to coal dust retention is occurring in the 
pulmonary parenchyma. 
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